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SIMARY

This study was undertaken to ind an easy-to-use take-off distance
prediction method and to evaluate its applicabdlity to SITOL aircraft.
For the purpores of this present study STOL aircraft were defined as
those requiring a take.-off ground roll of lees than 1000 ft.

Two existing teke-off ground roll estimate methods were evaluated
by comparing predicted values with available data for several STOL
aircraft. The resulting accurscies were respectively within 9% and
11% error.

It was found that cne of these methods could be further simplified
and yet still yieid acceptable results. That is, excluding two
predicticns this simplified method yielded an accuracy within 13% error.

In addition, some correlation was found to exist between short
take.-off ground rall sand total distence over a 50 £t obstacle. As
a result an expression was derived relsating the two.
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INTRODUCTION

In many prelimipsary studies and analyses of new aircraft
systems it is necessary to predict take-off distances before

detailed characteristics of the aircrafi are available. As a
result, approximate methods requiring a ainimm of iuput data

are very heavily relied upon. 4 number of these reliable quicke-
estimate methods are presently employed for comventional 'long”
take-off aircraft and it was the purpoar. of this study to review
these methods for application to STOL esdrcraft. For the purposes
of this present study STOL aircraft are derined as those requiring
& growd roll of less than 100G ft.

STOL aircraft take-off dis.ance predicticns ylelded by a
auaber of quick-estimate methoi were compared with available
STOL ajrcraft data. Two of th:3e methods predicting take-off
ground roll were selected for further evaluation and will be
discussed herein. Irn additicr, & correlation between take-off
ground roll and total distance: over s 50 £t obstacle is shown.

An equation relating the two was leveloped to obtain for a given
ground roll a first epproximaiice. of total take-off distance over
a 50 £t cbstacle.
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HARTMAN METHOD

The Weapon Systems Analysis Office has long used a reasonably
accurate quick-estimate method for predicting take-off ground roll
distance for conventional "long" take-off air~raft. Reference 1
presents this methcd which originally appeared in a NACA report,
reference 2, by E. P. Hartran. It is derived from the fundamental
equation for aircraft ground ~oll,

Vro

8 =W/ ’(OY (V/F) av

wvith the assumptidit{thRti.the effective force, F, vhich is a function
of velocity can be evaluated at an average velocity. This led to

Eartmar showed that for all conventional take-off alrcraft during the
ground mun the inverse of the acceleration varies almost linearly

with the square of the velocity. As he pointed cut in reference 2

this was the basis for the use of an average velocity equail to 0.707 Vg,
in evaluating R,,- Therefore Hartman's method as presented in
refereace 1 is ocutlined as follows.

2
s W

N X

vhere S, = take-off ground roll (f£t)
¥ = take-off gross weight (LBS)
V.o = aircraft velocity at take-off (£t/sec)
T = take-off thrust at 0.7V, (LBS)
= drag at 0.7TVyy , ground attitude

D
P = coefficient of rcdling friction
L = 11t at O.’Nw ground attitvde

=3
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The ahove imputs, in most cases, during the preliminary design
stage mre readily availsble or can be estimated with reasonable
accuracy.

Aerodyaemic and performence dsta for a limited number of propeller-
driven STOL aircraft were compiled and applied to Hartman's method
in order to compare the predicted ground rolls with flight test valu=s.
Suendard Alrcraft Characteristics chart ground rolls, although not
necessarily tesed on flight test,are official service estimates and
wure used where expiicit flight test values were not svailable. As
shown in figure 1, the predicted ground rall was plot.ed versus &
flight test «r SAC chart value. Each ajrcraft with tie exception of
the Helio Courier, Ereguet Okl, and the C-13CE is represented by three
groand rolls at various gross weights. These exceptions, which are
due to the limdted amount of data available, are represemted by orly
one ground roll. It is evident that all predictionr as indicataed
by the 5% end 10% error bands are within 9% of the ”light test values.

KETTIE METH:D

D. J. K3ttle, ia the January, 1958 issue of Aircraft Engineering
;n'esented a .wethod for estimating ground roll distance at take-off
{and landing). Essentially this method comsisted of a soluticn for
the basic ground roll expression

k.

g _ ¥ j vav
8 J, T-D-p(W-L)

which led to
S = 30W/S loglo{ T/W - p 2
0 (Cqu-1#Ci) [(T/) =] = [(Cop = Cuy M/Ciy) -

Kettle's graphicsl sclution for this cumbersome .upression is
partially reproduced in figure Z and it is seen that this chart was
constructed using (T/W) -y, (Cose - Ciea )/Clyp, Cive, and W/S as
input paremeters. It is worth noving that Kettle suggested that the
thrust, T, be calculated at 0.7Vy, vhich iacorpcrates the average
velocity used by Hartman. To {llustrate the use of Kettle's chart
the following approximate data are given for an aircraft at stapdard
day, see lgyel conditicns.
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Coga= 0.23 Ciyg= 2.10

Cuen= 1. g =1

W/8 = 45 1v/£t° T qy,= 5920 1bs

p = 0.025 T/ = 0.395

W = 15,000 1lbs “CLMS 0.0!0-0

(T/) =p= 0.370 (Cogr= KCLee)/CLyp = 0.090
Ciyo= 2.10 W/s = L5

These above inputs are applied as irzdicated by the dashed line
in figure 2. The resuliing prediction is seen to be 870 ft. As was
true of the Eartman case the above input data, in general, during
the preliminary desig: stage are readily available or car be estimated
with reascnable accuracy.

Using the basic STOL aircraft data compiled to evaluate the Hartman
method, the inputs for the Kettle method were also derived and applied
to the chart in figure 2. For convenlence the Ciand Co,, for the
Kettle method were taken at 0.7 Y. Using the szame mumber of aircraft
and procedures as for figure 1, the resulting predicticns were plotted
in figure 3. As shown, all predictioms were within 11% error.

In order to compsre the pradictioms of both methods, table I cantains
for each alrcraft gross weight their respective T.0. ground roll estimates.
(The data points in figures 1 and 3 were tasken from this tabulation).

Due to the lack of available STOL jet aircraft data both of the above
methois were evalusted with cniy propeller-driven aircraft. It is stressed,
however, that this should not necessarily preclude their application to
Jot atrcraft. T:a Hartman method, in fact, 1s presently used successfully
with conventional "long” take-off jet aircraft. The Kettie method wbich
wvas derived from ths same dasic growd roll equatiom with no major sssumptions
should be equally as applicable.

SIMPLIFIED FARTMAR METHOD

Adxittedly, even the relatively simple inputs required for the take~
off prediction methods discussed above are sometimes difficult to cbtain.
To deterxine the eoffective thrust used in the Hartman method, for example,
a knowledge of both take-off thrust and drag at G.7 of the teke~-off speed

is required.
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Upon examining “he 2T0L aircraft dsta compiled for the Hartman
method it was found the! on the average an alrcraft's teke-off effective
thrust st 0.707V,, ves approximately T0% of its take-off static thrust.
Using this observation in the form of an assumptiam {i.e. T = 0.7T,)
with the basic grourd distance expression used by Hartman, ground runs
vere estimated for & limited nmumber of SIOL aircraft. In a mspner siailar
to figure 1, figure 4 indicates the accuracy of these predictions. As
ghown, only two predictions fell beyond 13% error. It is therefore
evident that this furiher assunption (Te = 0.7Ts) as indicated by the
aircrafit data applied etill allowed one to make a reasonably accurate,
rapid estimation or take-off ground raoll.

It is noted, however, that the significant difference between the
rate of Jjet and propeller-driven aircraft thrust degradaticn during
take-off ground roll. preveats the application of this simplified Hartman
method to jet aircrsft. It appears that for this latter applicatiom
the average alrcraft effective thrust is typically a higher percentage
of static thrust than it is fcr propeller-driven aircraft. Due to
the lack of sufficient STOL jet aircraft data available for this present
study, no asitempt could be made to determine a meaningful averesge
percentage value for Jet alrcraft.

TOTAL TAKE-OFF DISSTANCE

Estimating climb distance over & 50 ft cbstacle with & method
comparable to the simplicity and accuracy of the Hartman or Kettle
groud roll methods appears to be virtualiy impossible. The climd
distance, which i1s mathenatically more compiicated. canmot be accurately
predicted via a general quick-estimate method. This study reviewed
two rvery simpie total take-off distance over a 30 £t obstacle methode
and found that they ylelded umacceptsble accurscies. Errors up to 30%
and 50%, recpectively, were experienced and, therefore, they were not
given any further consideration.

In view of tais difficulty in estimating climd distance, reference
1 plotted for e large ~wwber of conventional "long" take-off aircraft,
ground roll versus total take-off distance over a 50 £t cbetacle apd
with the resulting linear relaticr formulated an expression for
predicting the tctal take-off distance. In crder to obtain & similar
expressiona for SYTOL aircyalt, the same procedure was followed in figure 5,
‘n that for & mumber of £I0L aircraft, ground run was plottzd versus
total take-off distance. All of the points ‘epresent propaliler~driven
aircraft with ground roclls less than 1,000 £t snd total tisz-off
distances less than 1600 ft. Where the available 4i-*a made it possible,
all of the alrcraft were represented by tkree points, that i., take-off
distances at three gross weights. It is noted that this figure contains

b
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& great meny more data points for SP0L aircraft then previous figures
since only take-off ground rall and total take-off distance were .88
required for these data points. A line having the equation 5, = SGR
was found to give a reasomably good correlstiom with these data points.
Giver. a growd roll distance less than 1000 £t for a conventimmal

take-off aircraft this expression may be used as s first approximation
of the total take-off distance over a 50 £t obstacle.
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CUNCLUSIONS

Two methods for rapidly estimating the ground rall distance during
take=-of? appear to yleld acceptable results on the dasis of comparison
vith a limited sample of STOL aircrs?t tost data.

1. The Exrtman method for estimsting take-off ground roll
yielded predictiors that were within % error.

2. The Kettle method for estinating take-off ground rcll yielded
predictions that were within 11% error.

3. The Hartman method further simplified by the assumption that
the take~off effective thrust equals T0% of the take-off stetic thrust
yielded preaictioms, with two exceptioms, within 13% error.

4. No solutiocn comparsble to the simplicity or accuracy of above
methods wvas found to exist for total take-off distance over a 50 ft
cbstacle. The expression Sy ~ 4 802° which 1s based on a correlaticm,

can be used as a first spproximation to the totai “ake-off distance.
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“OMPARISON (F HARTMAN AXD KETTLE
TAYE-OFF GROUND ROLL PREDICTIONS

GRCSS

ATRCRAST WFIGHT TAKE-OFF GROUND ROLL (FT)
(15S) HARTMAN KETTLE  FLIGHT TEST OR SAC CHART
C-13CE 100, 7e%) 992 1,000 950 #
W2F /COD 89, (0 () 645 642
" 48, o0C 1038 1,050 1,060
" 55,0 1,561 1,543 1,600
ZREC 50 541 35,600 416 koo 380 #
HF110 COURIER 4, 8- £50 300 290 *
».238 7,400 b12 375 | 420
“ 5, 90 545 540 560
" B, 500 706 675 650
O¥.1 1,500 213 195 204 *
a,100 20) 300 285 *
" 2,400 419 405 390 #
¢3-2 2,178 226 225 225 #
- FRRS 291 300 309 *
2,635 382 375 389 *
ov-1A 17,000 325 300 320 -
. 15.90 598 570 600
" 15,000 pd 850 800
U-3A b, nC 548 532 530 #
" b, L 673 634 650 *
" 4,830 ' 638 842 800 *

* Flight Test
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2% \ - J

LINES CF CONSTANT
WINGLOADING. S"-qu FT?

FIGURE 2. KETTLE METHOD FOR ESTIMATING TAKE-OFF GROUND ROLL
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